Abstract: A total of 20 surface sediment samples were collected from the Manakudy estuary (8°05'30'' N and 77°29'10'' E) in Kanyakumari, southwest coast of India. Samples were analysed for grain size, CaCO 3 , organic carbon and trace element. Sedimentological behaviour and the spatial distribution pattern in the coastal and estuarine environment are presented in detailed. Based on the textural results show that the estuary is dominated by silty sand, where as the estuarine mouth is dominated by sand. Correlation studies illustrate that there exists a strong correlation between sand and CaCO 3 , organic carbon significant correlation with silt. The order of abundance of various trace elements in the surface sediment can be summarised as Fe > Mn > Zn > Pb > Cu > Cd > Cr. The increase in the concentration of trace metals along the Manakudy estuary indicates that the area has been contaminated by the input from the Pazhayar River. The sources of contamination mainly due to the anthropogenic activities such as sewage water, boot relishing oil, and fishing waste mixing around the estuary. The enrichment of cadmium in the southern part of the study area is mainly due to anthropogenic activities.
small scale industries (like Coconut husk retting, lime shell dredging, and salt works). The annual average rainfall is 800 mm and average annual temperature of this study area is 27.97 °C. The coast receives two monsoons, the southwest from June to August and northeast from October to December. The Kanyakumari district is mainly covered by charnockites, leptinites, leptinite gneiss, granite gneiss, laterites, sandstones, variegated clay and river alluvium. The coast line has narrow stretches of beaches and sand dunes characterised by laterite capping. The estuary is connected to the sea during the rainy season and remains landlocked for the rest of the year by a sand bar. 
Material and methods
The surface sediment samples collected from 20 stations in Manakudy estuary. The sampling interval could not be kept uniform due to the general bathymetry of the area and nature of the sediment below the water column. The sediment samples were collected on June 2013 using van Veen grab sampling apparatus and the collected samples were air dried and homogenised, after homogenisation sand, silt and clay ratio were determined following the procedure Adopted by (Ingram, 1970) . CaCo 3 was measured following the procedure of Loring and Rantala (1992) . Organic carbon was estimated in the form of organic carbon based on the procedure suggested by Gaudette et al. (1974) and Trace element (acidic acid -HoAC) Fe, Mn, Cr, Cu, Zn, Pb and Cd were determined after preliminary treatment and leaching of sediments following the procedure of Loring and Rantala (1992) , the final solution was analysed using AAS (Perkin Elmer 700). The spatial distribution map prepared using by Arc Gis 10.1 and SPSS 20 was used for statistical analysis. 
Result and discussions
Results from surface sediment analysis are shown in Table 1 . Sand, silt varies from 44.65% to 99.30% whereas silt ranges from 0.60% to 55.0% and clay ranges from 0.10% to 0.40%. Trefethen trilinear diagram shows that the study area dominant by silty sand. The silt content at the stations 19 and 20 was very low (0.6%) both stations fall in the estuarine mouth, with minor clay content around 1.2%. The silt content shows higher concentration at stations 1, 5, 6, 7, 10, 12, 13 and 17. The stations sand percentages were low, ranging from 30%-40%. Those stations present in the middle of the estuary with mangrove vegetation. At these stations, the clay content was lighter varying between 0% and 0.2%. These sediments fall in the field of silty sand in the trilinear diagram of Trefethen (1950) (Figure 2 ). Sediment textural analysis results indicate that the study area is dominated by silty sand and sand. The middle part of the estuary is generally occupied by silt. The higher concentration of coarse sediments at the mouth of the estuary is due to tidal effects. It is well known that the Southwest coast is subjected to both erosion and accretion. In the study area, the carbonate is an important component of marine sediments has been found to be an important indicator of provenance and dispersal of terrigenous material (Loring and Nota, 1973) . The source of calcium carbonate is dead organisms, mollusks, organic shells and rock fragments (Anitha and Kumar, 2014) . The distribution of CaCO 3 in the study area ranges from 0.3% to 3.9% with mean value 1.5%. The distribution diagram shows higher values present in the southern part of the study area (sample stations are 2 and 20) the lower values at the stations 3, 9 and 13 respectively. Moreover, understanding the relation between calcium carbonate, organic matter, and trace metals is essential to evaluate sediment geochemistry, as these two parameters are in one way or other intimately related to the geochemistry of trace metals in marine sediments. The clay content in this sediment is very low and some samples are dominated by mud (clay + silt) which shows the finer particles have been derived from the nearby estuarine region. This is constant with the many studies of nearshore sediments throughout the world (Neto et al., 2000) . The higher content of CaCO 3 in the southern part of the study area may be due to turbidity current/gravity flow or from the influx of calcareous biogenic material. The organic carbon values range from 3.1% to 4.9%with a mean value 3.9%. The distribution diagram shows the higher values at station 3, 9 and 10 and lower values at station18, 19 and 20. Organic carbon increases with increasing fine fraction and decreases with increasing coarser fraction in sediments (Kumar and Edward, 2009 ). Organic matter is found to be high in the regions of mangroves in the area and it could be explained by several factors, decrease in the estuarine organic carbon input a change in the kind of input (marine vs continental) and increase in the sediment rate (Jonathan et al., 2004) .
Trace element
Trace element analysis results are shown in Table 1 . Weak acid extraction method is an effective tool for the assessment of metal pollution in surface sediments (Taliadouri, 1995) . The main sources for trace element are anthropogenic sources were industrial wastes, municipal wastes and runoff from agricultural fields (Kalpana et al., 2015) . Acetic acid extraction was preferred in the present study because it is one of the weakest chemical treatments that can effectively remove the weakly bound part of the total metal concentrations in the sediments (Loring and Asmund, 1989) . Easily soluble amorphous compounds of iron, manganese, carbonates and those weakly held in organic matter as well as metals held in ion exchange positions could be removed by acetic acid (25% v/v) (Loring, 1976) . The concentrations of total Fe varied between 3,985 ppm to 5,185 ppm with a mean concentration of 4,529 ppm. Spatial distribution diagram (Figure 3a ) illustrate in the northern part of the study area recorded higher values. Moderately significant values are observed in the northern and southwest part of the study area. The high concentration observed at the station 14 (5,185 ppm). Iron is found as an abundant element in the continental crust; the average abundance of Fe in the earth's crust is 47,000 μg/g (Mansour et al., 2013) . The concentration of Manganese in the sediment samples ranges from 311 to 627 ppm with an average value of 433 ppm. The distribution diagram of the Manganese (Figure 3b) illustrates that the middle and small zones in the northeastern part show higher concentration of Mn. The occurrence of Manganese in the sediment suggests that the origin of these metals may be the anthropogenic sources of environmental manganese include municipal wastewater discharges, sewage sludge, and alloy, steel, and iron production industrial waste runoff. Distribution diagram (Figure 3b) shows the station 3 and 14 demonstrate higher Mn content in the sediments. The total concentration of Cr in the sediment samples ranges from 0.6 to 5.2 ppm with an average of 2.5ppm. The spatial distribution diagram (Figure 4a ) of chromium indicates the sporadic distribution of the metal in the region. The elevated concentration of chromium in certain part is mainly due to boat activities around the estuary. The high concentration observed at the station 3 (5.2 ppm). The Cu concentration varies from 3 ppm to 6.5 ppm with an average of 4.5 ppm. The distributive diagram (Figure 4b ) shows higher copper content in the middle and northern part of the area. Discharge from Pazhayar River increases the concentration of trace metal in Manakudy estuary near the northern part. The mixing of domestic effluents through the Pazhayar River in the northern part of the estuary, and surface run-off of the fertiliser remains increases the concentration of metal in the sediments.
The total concentration of Zinc ranges from 4.4 ppm to 10.4 ppm with an average value of 7.6 ppm. Distribution diagram of Zinc shows high concentration at station 2, 3, 9, and 14 ( Figure 5a ). The source of Zinc in the study area may be attributed to agricultural, industrial and domestic runoff into the estuary. The Lead ranges from 3.3 to 10.4 ppm with an average of 6.3 ppm. The distribution diagram of Pd (Figure 5b) shows high concentration at station 3, 9 and 10. This could be attributed to the concentration of various human activities like coastal fisheries boat in the region. The cadmium concentration ranges from 2.8 ppm to 4.9 ppm with a mean value of 3.8 ppm (Figure 6 ). The sample with higher organic carbon concentration contains high cadmium concentration. Cadmium usually found combined with oxygen or sulphur and can absorb minerals via cation exchange (Salomons and Forstnar, 1984) . Enrichment of Cadmium in the sediments southern part of the area is mainly due to the anthropogenic activities like paint coating to the boat, discharge of drainage water, and incineration of waste certainly must be considered as an important source of cadmium. In these samples, Cd concentrations are high compared with the average continental crust values (Wedepohl, 1995) . The inter-element relationships between parameters are presented in Table 4 . The results of ALTMs indicate that up to 90% of trace metals are closely associated with Fe and Mn and they clearly reflect the distribution pattern with the local redox conditions. In the Manakudy region, the anoxic condition is very well supported by the association of organic carbon indicating that majority of the metals are bound to the sedimentary Fe-Mn oxy hydroxides with organic carbon as a functional element (Tessier et al., 1996) . The strong reducing conditions in the Manakudy region favour sequestering of trace metals along with Fe in the surface layers (Buckley and Winters, 1992) . It is also understood that organic matter issued from decaying organic remains has a high capability of accumulating Pb, Zn by absorption and by the formation of chelating compounds (Wedepohl, 1995) . The concentrations of organic carbon affect the trace metal geochemistry of the fine fraction. (Prohic and Kniewald, 1987) ; (2) Pearl River estuary, South China (Li et al., 2000) ; (3) Hong Kong mangrove swamps (Tam and Wong, 2000) ; (4) Ennore creek core sediments, southeast (SE) coast of India (Selvaraj et al., 2003) ; (5) The distribution of acid leachable trace metals (ALTMs) is also controlled by other factors like geochemical, precipitation, flocculation of particulate substances in the creek. However, the higher values of ALTMs are mainly due to the excess input of industrial effluents in the channels feeding Manakudy. Table 3 shows the comparison of acid leachable elements in sediments of the present study with estuarine and mangrove regions of selected sites around the world.
Statistical analysis
In Manakudy Estuary, organic matter correlated significantly with the ALTMs indicating that the organic particles are mainly derived from the mangroves as suspended particulate matter and terrestrially derived organic material (Kranck, 1974; Rashid and Reinson, 1979) . The correlation coefficient between two metal concentrations shows that all metals and OCs significantly correlate with other parameters except sand and CaCO 3 . Fe has a very strong correlation with other Trace elements (Fe correlate with Mn = 0.84, Cr = 0.91, Cu = 0.83, Zn = 0.89 and with Pb = 0.68) which have a higher affinity for most elements, especially for trace elements (Stumm and Morgan, 1996) and that the organic matter contents are imperative for controlling factors in the abundance of trace metals (Rubio et al., 2000) . The association of acid leachable the strong association of Pb, Zn and Cu indicates that the elements are of sewage sludge which is brought by minor channels which feed the estuary (Halcrow et al., 1973; Alloway, 1990) . The association of Fe and Pb in the study area further suggests that it is mainly due to the atmospheric deposition of fly ash and anthropogenic sources in the region (Salomons et al., 1988; Cochran et al., 1998) . The correlation of Fe and Mn with the ALTMs (except Cd) indicate a similarity in the association of metals of similar origin. All other trace metals Cu, Zn, Cd, and Pb are also showing significant positive correlation between OC indicating their association with organic matter (Jayaprakash et al., 2012) . The grouping of analysed parameters is analysed as Varimax rotation factor (Table 5 ) analysis and three factors are presented as factor 1 (F1), factor 2 (F2), factor 3 (F3) with a total variance of 86.86%, for F1; 69.5%, for F2; and 8.9%, 8.6% for F3, respectively. The domination of ALTMs (Fe, Mn, Cu, Pb, Zn, Cd) with mud, OC in F1 especially; Mn, Cu, Pb, Zn, Cr in F2, Cd in F3 indicates the role of fine particles and OC in absorbing the trace metals. In addition, the association of mud, OC, Fe-Mn (in PRM) indicates that Fe-Mn oxyhydroxides play a major role in the uptake of the ALTMs in the sediments (Shaw et al., 1990; Valette-Silver, 1993; Szefer et al., 1995; Chatterjee et al., 2007) . 
Conclusions
Geochemical study of surface sediment samples from Manakudy estuary indicate that the sand constitutes most of the sediments. Silt is also present in some samples. The coarse-grained nature of the coastal region reflects the turbulent conditions of deposition. Sand decreases in importance away from the estuarine mouth. A higher rate of sedimentation is a responsible factor for the higher/more amount of preservation of organic carbon in the study area. This is invariably not in favour of some estuarine mouth samples, which has a low value of organic matter content due to a mixing of seawater and wave action. The CaCO 3 with OC shows strong negative correlation, this reveals their association of different sediment size. Low OC contents in the sediments coincide with the presence of coarse-grained sands that do not favour the accumulation of organic carbon. A database for the ALTMs in Manakudy Estuary has been created and it indicates that the trace metals are effectively trapped in the shallow estuary. The enrichment of ALTMs than average soil and average river mud suggest that the region is moderately contaminated in a certain region with the excess amount of Fe, Cr, Cu, Pb and Zn, Cd which is mainly due to the industrial activities in the region. Overall, the data also signifies the need for a regular approach towards monitoring on the enrichment of trace metals. The present study will help in improving the quality of aquatic region in Manakudy estuarine by regular monitoring of the estuary.
